Summary.-To evaluate cytotoxic function mediated by killer lymphocytes and macrophages in urological cancer patients, we examined antibody-dependent and spontaneous lympholysis of chicken erythrocyte target cells, which is mediated by macrophages. Our results demonstrate a discordance between cytotoxic mechanisms in cancer patients, killer-cell function being impaired whilst macrophage-mediated cytotoxicity was increased.
RECENT STUDIES show that there are subpopulations of human lymphoid cells that are cytotoxic in vitro without prior sensitization to various target cells, including tumour cells (Perlmann et al., 1975; Pross & Baines, 1977) . Cytotoxicity by unsensitized lymphoid cells is greatly enhanced when target cells are coated with specific antibody (Perlmann et al., 1975) . This cytotoxic phenomenon is called antibody-dependent cell-mediated cytotoxicity or antibody-dependent lympholysis (ADCC). Cells that mediate ADCC have been operationally defined as killer cells (Perlmann et al., 1975; Brier et al., 1975) .
It has been demonstrated that various types of effector cells can mediate ADCC depending upon the type of target cell. For example, antibody-coated chicken erythrocyte targets are susceptible to lysis by granulocytes, macrophages, and killer cells (MacDonald et al., 1975) whilst antibody-coated Chang human liver cells (Nelson et al., 1976) and many tumour-cell lines (O'Toole et al., 1977) are susceptible to lysis only by killer cells.
Unsensitized lymphocytes are also capable of lysing target cells that are not coated with antibody, a process which will be referred to here as spontanieous lympholysis (Pross & Baines, 1976) . As with ADCC, different types of effector cells are active in mediating spontaneous lympholysis, depending on the type of target cell. For example, macrophages can effect spontaneous lympholysis against chicken erythrocytes (Mantovani et al., 1972) whereas in humans lymphocytes with surface properties similar to killer cells mediate spontaneous lympholysis against Chang cells (Cooper et al., 1977) and many tumour cells (Pape et al., 1977) .
Little is known about the in vivo relevance of ADCC or spontaneous lympholysis in humans. ADCC has been shown by Hakala et al. (1974) to be operative in some patients with transitional-cell carcinoma, and therefore may be of clinical importance. Moreover, in animal tumour systems, spontaneous lympholysis has been postulated a natural cell-mediated surveillance mechanism against oncogenic viruses and tumour cells (Kiessling et al., 1976; Herberman et al., 1975) and a similar role has been postulated in humans (Pross & Baines, 1977) .
In the present study we have examined simultaneously both ADCC and spon-taneous lympholysis against two targetcell lines that are susceptible to lysis by different types of effector cells in 41 patients with genitourinary cancer and 59 age-matched controls with benign urological conditions. Our results demonstrate a discordance between cytotoxic mechanisms in cancer patients. Killer-cellmediated lysis and non-macrophagemediated spontaneous lympholysis were diminished, and macrophage-mediated cytotoxic mechanisms were markedly enhanced in comparison with controls.
PATIENTS
Of the 100 patients studied, 41 were cancer patients (mean age 60.9) and 59 were controls with benign urological conditions (mean age 55-5). Six cancer patients and 5 controls were females. Patients receiving radiation or chemotherapy are not included in this report. Blood was drawn before major surgery in all cases. In about one quarter of both cancer patients and controls, blood was drawn immediately after the induction of anaesthesia for diagnostic endoscopic procedures. In many instances it was unknown whether patients were controls or cancer patients until after testing. Also, in many instances both cancer patients and controls were tested simultaneously. Thus, practical considerations required that both cancer patients and controls be studied randomly during the period of this investigation. The histological tumour types of the cancer patients are shown in Table I . 
MATERIALS AND METHODS
We have previously reported most of the methods used in this study (Catalona et al., 1978) . These methods will be referred to here only briefly or by reference.
Effector cells.-Peripheral blood was drawn into a syringe containing 500 u of preservative-free heparin and was diluted with an equal volume of Hanks' balanced salt solution. Mononuclear cells were separated on a Ficoll-Hypaque density gradient as described by Boyum (1968) (MacDonald et al., 1975; Nelson et al., 1976; Mantovani et al., 1972; Cooper et al., 1977) .
Target cells were labelled by incubating with 100 ,Ci or radioactive sodium dichromate for 60 min. Labelled target cells were washed and resuspended in tissue-culture medium (Catalona et al., 1978) .
ADCC and spontaneous lympholysis assays. -Chromium-labelled target cells were pipetted into triplicate wells of microtitre plates and incubated for 1 h with an appropriate dilution of an aniti-target-cell serum. Serial dilutions of effector lymphocytes were then added to the antibody-coated target cells to give effector: target cell ratios of 50: 1, 25:1, 12:1, 6:1, 3:1 for Chang cells and 5:1, 2-5:1, 6:1, 3:1 for chicken erythrocytes. Control cultures were set up using targets that were preincubated with normal rabbit serum instead of anti-target-cell serum. Additional controls included target cells alone (spontaneous release), target cells plus 4% cetrimide, a lysing detergent (maximal release), target cells plus anti-target serum, and target cells plus normal rabbit serum (Catalona et al., 1978) .
The microtitre plates were centrifuged and then incubated in a 37°C, 5% CO2 incubator for 18 h for chicken erythrocytes and 4 h for Chang cells. The isotope released from target cells into the supernatant was quantitated in a gamma counter.
The following standard formulae (Cooper et al., 1977) The coefficient of variation for replicate samples from the same patient tested on the same day (within-assay variability) was 014, and the coefficient of variation for assays performed on the same patient on different days (between-assay variability) was 031.
Effector-cell fractionation.-To determine which cells mediated ADCC and spontaneous lysis of our target cells, peripheralblood mononuclear cells were fractionated (courtesy of R. P. McDermott) by a modification of the technique described by Brier et al. (1975) . Briefly, monocytes were removed by passage over a Sephadex GIO column (Fig. 1) . This depression was statistically significant (P<0.05) at 25:1 and 50:1 effector: target cell ratios and in terms of peak cytotoxicity. Both bladder and prostate-cancer patients had peak lytic levels that were significantly less than the controls (Fig. 2) . Interestingly, patients with clinically localized tumours showed a greater impairment of ADCC of Chang cells than patients with metastases ( Fig. 3) . However, not all patients studied were surgically staged.
Spontaneous lympholysis of Chang cells was also significantly depressed in cancer patients (Fig. 4) . Both prostate and bladder-cancer patients had significant impairments of spontaneous lysis at some effector :target cell ratios; however, the impairment was more pronounced in prostate-cancer patients (Fig. 5) ADCC and spontaneous lympholysis of chicken erythrocytes We found no significant difference in ADCC of chicken erythrocytes between cancer patients and controls (Fig. 6) . Bladder-cancer patients showed stronger lysis than either prostate-cancer patients or controls, but the difference was not statistically significant (Fig. 7) . There was also no correlation between ADCC of chicken erythrocytes and tumour stage.
In contrast, we observed a highly significant increase in spontaneous lympholysis of chicken erythrocytes in cancer patients (Fig. 8) . This increase was significant for both prostate and bladder-cancer patients (Fig. 9 ), but there was no correlation between tumour stage and spontaneous lysis of chicken erythrocytes.
Leucocyte counts and effector-cell marker profiles
Cancer patients had a significantly higher proportion of latex-ingesting mononuclear cells (macrophages) and lower proportion of eosinophils than controls (Table III) i-i (Ting & Terasaki, 1974; Takasugi et al., 1977) , found no correlation between ADCC or spontaneous lympholysis and age in the control patients. Second, practical considerations dictate that in population studies such as this, all patients cannot be studied on the same day under identical conditions. Thus, day-to-day variation in the assay system (coefficient of variation 0.31) could cause spurious differences in cytotoxic functions. However, in a large group of patients and controls studied randomly, day-to-day variability of the assay should influence controls and cancer patients equally. It is also well known that anaesthesia and surgery can impair cellular immune functions. In the present study, about onequarter of both cancer patients and controls had blood drawn after the induction of light general anaesthesia for diagnostic endoscopic procedures. In most of these cases, it was not yet established whether or not the patient had a malignancy. Thus, anaesthetic effects should influence the results of controls and cancer patients equally.
Acknowledging these limitations, this study demonstrates a discordance among cell-mediated cytotoxic mechanisms in urological cancer patients that is charac terized by an impairment of both ADCC and spontaneous lysis of Chang human liver cells and a striking increase in spontaneous lympholysis of chicken erythrocytes. Our results suggest that this discordance may be due to differing levels of activity in the respective effector cells that mediate these different cytotoxic mechanisms. Both ADCC and spontaneous lympholysis of Chang cells are mediated by nonphagocytic cells that lack surface Ig and lack or possess low-affinity sheeperythrocyte receptors, but have receptors for the Fc portion of IgG (Brier et al., 1975; West et al., 1978) . These features are characteristic of killer cells, and our results in this respect are in accord with those of previous studies (Nelson et al., 1976; Cooper et al., 1977) . In contrast, ADCC of chicken erythrocytes is mediated by both killer cells and macrophages (MacDonald et al., 1975) . Taken together, our cytotoxicity data indicate that killercell activity is depressed whilst cytotoxic macrophage function is enhanced in the urologic cancer patients studied.
Previous reports on cell-mediated cytotoxic function in patients with solid tumours are conflicting. Impairment of both ADCC and spontaneous lympholysis was reported by some (Stratton et al., 1977; Ting & Terasaki, 1974; Takasugi et al., 1973; Takasugi et al., 1977; Pross & Baines, 1976) , whilst others have reported either no change (Peter et al., 1975; Eremin et al., 1977) or selective enhancement of spontaneous lympholysis against certain target cells Bolhuis, 1977; Moore & Robinson, 1977 (Peter et al., 1975; Eremin et al., 1977) .
There have been reports of elevated spontaneous lympholysis in cancer patients in which the effector cells were principally killer-cell-like lymphocytes. In these reports, however, increased cytotoxicity was found only when bladdercancer cells were lysed by effector cells from bladder-cancer patients, suggesting that in these systems tumour-specific mechanisms may have been operative Bolhuis, 1977; Moore & Robinson, 1977) . Based on our results, it seems likely that the discrepancies that have appeared in the literature may be explained at least in part by differences in effector-cell functions measured in the cytotoxicity assays used.
In view of our demonstration of increased cytotoxic macrophage activity in cancer patients, it is relevant that the expression of Fe receptors on macrophages was reported to be substantially increased in cancer patients, but not in patients with non-malignant conditions (Rhodes, 1977) . Although our results revealed a statistically significant increase in the proportion of circulating macrophages in cancer patients, we found no evidence for an increased proportion of Fe receptor-bearing cells.
Some previous studies have demonstrated increased impairment of spontaneous lympholysis in patients with more advanced tumours (Takasugi et al., 1977; Pross & Baines, 1976) while other studies (Ting & Terasaki, 1974) like our own,
have not found such a correlation. However, not all our patients were surgically staged, and it is possible that some of our patients were understaged.
